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§7. Stable Steady-State Operation of the SC 
Current Feeder System for LHD 
Yamada, S. 
The SC current feeder system should be reliable, and 
it is desired to be excellent in the operation. The 
conventional gas-cooled current leads with helium storage 
are applied to attain the stable current-carrying properties at 
a rated current. Main parameters of the current leads are 
listed in Table 1. 
In generally, the mass flow rate of the coolant 
through the lead should be adjusted to the suitable value that 
is corresponded to the current carrying rate. The 
temperature of the warm-end of the lead depends on the heat 
balance between the cooling condition and heat inputs by 
the conduction from bus-bar and the heat transfer from the 
air. When the ice covers on the warm-end terminal of the 
lead, its may gradually grow to the large block, because the 
ice will act like an adiabatic materials. To avoid the 
propagation of the ice on the leads, two electrical heaters 
were attached on the warm-end terminal of all current leads. 
The diagram of the heater control circuit is shown in Fig. 1. 
The temperature of the terminals has been controlled in the 
range between 5 and 20 degree Celsius. The electric 
potential between the heaters and current lead was isolated 
by the insulation transformer of ac 6 k V withstand voltage. 
In steady-state, two-phase helium from coldbox is 
cooled at 4.4 K, and supplied to the SC bus-line. Returned 
two-phase helium from SC bus-line flows into the sub-
cooler, and separates into liquid and gas phase. A part of 
liquid helium cools the current leads. Mast of liquid 
helium evaporates by the heaters and returns to the coldbox. 
In steady-state, these heater automatically adjust the overall 
heat balance between the SC current feeder system and 
liquefier/refrigerator system. 
Figure 2 shows a typical example of the steady-state 
operation of the current leads of the LHD; (a) current 
carrying rates, (b) temperature of the warm-end terminal, (c) 
mass flow rate, and (d) voltage drop of the current leads. 
The SC coils of the LHD are continuously charged up for 
nine or twelve hours in a daytime. The mass flow rate in 
the current-leads, pressure difference between current-leads 
and recovery line, and current carrying rate influence the 
cooling condition of the current-leads. However, the both 
liquid helium levels in the current-leads and sub-cooler tank 
will automatically equalize by the siphon method without 
pressure adjustment in the sub-cooler tank. The voltage 
drop of the current lead strongly depends on the temperature 
of the warm-end terminal and current carrying rate. The 
voltage drop on the operation of near 3 T was less than 20 
rn V. This value has the large margin for the Joule heat loss. 
Table 1 Specifications of the current leads. 
Ta!:&et coil Helical coil IV, IS coil OVcoil 
Number of leads 6 pairs 2 pairs 1 pair 
Rated current 18 kA 22kA 32kA 
Rated mass flow 1.1 g/s 1.2 g/s 1.9 g/s 
( without current ) ( 0.8 g/s) ( 0.9 g/s) ( 1.4 g/s) 
Length 1.5 m 1.5 m 1.5 m 
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Fig. 2 Typical example of the steady-state operation. 
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